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Abstract
A posteriori healthier dietary patterns and several nutrients have been associated with lower risks of depression in various studies; however,
evidence is lacking with regard to the prospective association between adherence to nutritional recommendations (food-based and nutrient-
based recommendations) and incident depression or depressive symptoms. In this study, we investigate such associations in the NutriNet
Santé cohort. The study sample included 26 225 participants (aged 18–86 years) who were initially free of depressive symptoms. Adherence to
nutritional recommendations was measured by four scores namely modified French Programme National Nutrition Santé-Guideline Score
(mPNNS-GS), Alternative Healthy Eating Index-2010 (AHEI-2010), Probability of Adequate Nutrient Intake Dietary Score (PANDiet) and Diet
Quality Index-International (DQI-I), using non-consecutive dietary record data during the first 2 years of follow-up (mean number of
recording days= 8, SD 2). Depressive symptoms were defined by a Center for Epidemiologic Studies Depression Scale (CES-D) score ≥17 for
men and ≥23 for women. We used Cox proportional hazards models to estimate hazard ratios and 95% CI, modelling the dietary scores as
standardised continuous variables and as tertiles. Over a mean follow-up of 6 years, we identified 2166 incident cases of depressive symptoms.
All dietary scores with the exception of the AHEI-2010 were significantly inversely associated with incident depressive symptoms. In the fully
adjusted model, an increase of 1 SD in the mPNNS-GS, PANDiet and DQI-I was, respectively, associated with an 8% (95% CI 4, 13), 5%
(95% CI 1, 9) and 9% (95% CI 5, 13) reduction in the risk of depressive symptoms. Overall, these findings suggest that diet in accordance
with national or international guidelines could have beneficial effects with regard to mental health.

Key words: Mental health: Depression: Dietary scores: Nutritional recommendations

Depression is one of the most prevalent mental health disorders
and a leading cause of disability worldwide. It has been asso-
ciated with poor quality of life, physical decline, higher risk of
premature death and a large economic burden(1,2). In this
context, depression is a major global public health problem,
and reducing its prevalence by acting on associated modifiable
lifestyle factors, including diet, is of major importance(3).
The relationship between the overall quality of the diet and the

risk of depression or depressive symptoms has been evaluated in
several studies, mostly using a posteriori dietary patterns based
on correlations in observed dietary data. Overall, healthier diets
(characterised by high consumption of plant foods, whole grain

products, olive oil and fish) have been associated with a
decreased risk of depression or depressive symptoms, whereas
unhealthy Western eating habits (characterised by high
consumption of sweet and fatty products, processed meats and
refined grains products) have been associated with an increased
risk of depression or depressive symptoms(4–6).

To prevent chronic diseases and to promote overall health,
nutritional recommendations have been issued by health autho-
rities, and adherence to these recommendations can be estimated
using a priori-defined dietary indexes. In France, based on the
recommendations of the Programme National Nutrition Santé
(PNNS)(7) and on the national recommended dietary allowances(8),
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the Programme National Nutrition Santé-Guideline Score
(PNNS-GS) was developed to measure adherence to dietary
recommendations for the general population(9), and the Prob-
ability of Adequate Nutrient Intake Dietary score (PANDiet) to
measure compliance with the recommended nutrient intakes(10).
Besides those mentioned earlier, various a priori dietary scores
have been developed to date, including different versions of the
healthy eating index (HEI), the dietary quality index-international
(DQI-I), the Dietary Approaches to Stop Hypertension and various
scores measuring adherence to the Mediterranean Diet (MD)(11).
Among them, only scores reflecting adherence to the MD and the
HEI have been widely studied in associations with depression.
Overall, the studies that have investigated the association between
adherence to the MD and depression or depressive symptoms
showed a protective effect(12–18). Other cross-sectional(19–24) and
some prospective studies(15,25–27) have also evaluated the asso-
ciations between different a priori dietary scores (measuring
adherence to national dietary guidelines) and the risk of depres-
sion or depressive symptoms, but only one study has compared
such associations across different diet quality scores(15). Overall,
the different versions of the HEI(15,19–22,24,27) and the Australian
Recommended Food Score(26) were significantly inversely asso-
ciated with the risk of depression or depressive symptoms,
whereas the Ireland food pyramid recommendations(23) were not
significantly associated with the risk of depressive symptoms. The
PNNS-GS was also significantly inversely associated with recurrent
depressive symptoms(25). Available studies investigating the
association of the HEI, or modified versions, with the risk of
depression were mostly cross-sectional, and few studies were
based on non-American population. Thus, such relationships
should be replicated in other settings.
In addition, several vitamins and minerals have been asso-

ciated with depression in various studies(28,29). However, most
dietary scores do not include micronutrients, which may hinder
the capacity of such scores to adequately reflect achievement of
recommended nutrient intakes. To our knowledge, no study
has yet examined the association between scores based on
recommended nutrient intakes (e.g. PANDiet) or both recom-
mended nutrient and food intakes (e.g. DQI-I) and the risk of
depression or depressive symptoms. As nutritional recommen-
dations were not primarily issued to prevent depression, further
prospective studies using different nutritional scores are needed
to examine whether some specific scores may perform better
than others, thus informing preventive strategies.
In the present study, we thus aimed at investigating the

prospective association between the overall quality of the diet
measured by different scores reflecting adherence to food and
nutrient recommendations, including the modified version of the
PNNS-GS (mPNNS-GS), the Alternative Healthy Eating Index-
2010 (AHEI-2010), PANDiet and DQI-I and the risk of incident
depressive symptoms in a large French prospective cohort.

Methods

Study population

We used data from the NutriNet-Santé study, a web-based
observational cohort launched in France in 2009, which aims to

investigate the relationship between nutrition and health, as
well as the determinants of dietary behaviours and nutritional
status. The design and methodology of the study have been
described in detail elsewhere(30). In brief, participants are adult
volunteers (aged ≥18 years) with internet access recruited from
the general population by a vast multimedia campaign. Upon
enrolment and each year thereafter, participants are asked to
complete a set of self-administered web-based questionnaires
assessing socio-demographic factors, economic conditions,
physical activity, dietary intake, anthropometrics and health
status. The NutriNet-Santé study is conducted in accordance
with the Declaration of Helsinki and was approved by the ethics
committee of the French Institute for Health and Medical
Research (IRB Inserm no. 0000388FWA00005831) and by the
National Commission on Informatics and Liberty (CNIL no.
908450 and no. 909216). Electronic informed consent was
obtained from all participants. The NutriNet-Santé study is
registered in ClinicalTrials.gov (NCT03335644).

Depressive symptoms

Depressive symptoms were assessed using the French version
of the validated self-administered Center for Epidemiologic
Studies Depression (CES-D) scale(31,32) sent to all participants
included in the NutriNet-Santé study two years after inclusion
and every two years thereafter (with currently a maximum set of
three completed CES-D questionnaires). The twenty items of
the scale evaluate the frequency of depressive symptoms during
the preceding week, using a four-point scale (0= ‘< 1 d’; 1=
‘1–2 d’; 2= ‘3–4 d’; and 3= ‘5–7 d’). These are summed to yield a
total score between 0 and 60 points, with higher scores
denoting more depressive symptoms. The Cronbach’s coeffi-
cient α (used to assess the internal consistency or reliability of a
test or scale(33)) was >0·80 for all three measures of the CES-D
scale in our study, indicating good internal consistency.

The French validated cut-off value (CES-D ≥17 in men and
≥23 in women) was used to define the presence of depressive
symptoms(32). We defined incident cases of depressive symp-
toms as participants who were free of depressive symptoms
at the first CES-D assessment and those who had depressive
symptoms at least once during follow-up.

Dietary data and dietary scores computation

At enrolment and every 6 months thereafter, participants were
invited to provide three non-consecutive dietary records,
randomly assigned over a 2-week period (2 weekdays and
1 weekend day). All foods and beverages consumed at each
eating occasion were reported via a validated web-based diet-
ary record tool designed for self-administration(34–36). Portion
sizes were indicated using validated photographs(37), house-
hold measures or by indicating the exact quantity (g) or volume
(ml). Dietary data from the first 2 years of follow-up (corre-
sponding to the time window between baseline and the 1st
CES-D assessment) were used in the present study. For each
participant, daily mean food consumption was calculated from
all available dietary records (mean number of recording
days= 8·03; SD= 2·26), weighted according to the type of day

Dietary scores and depressive symptoms 291

https://doi.org/10.1017/S0007114518000910  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518000910


(weekdays or weekend). Energy and nutrient intakes were
estimated using the NutriNet-Santé composition table including
more than 3000 food items(38). In addition, weekly fish and
seafood intake was estimated by a self-administrated frequency
questionnaire and alcohol intake (g ethanol/d) was estimated
using an alcohol consumption frequency questionnaire when
no consumption was reported in dietary records.
Dietary under-reporting was identified using the method

developed by Black(39), which states that for an individual of
stable weight energy intake (EI) and energy expenditure (EE)
are equal. Thus, the ratio between EI and BMR (EI:BMR) is
equivalent to a physical activity level (PAL) for which a mini-
mum cut-off limit below which it is impossible to remain in
stable weight has been defined(40). The EI:BMR was thus
calculated for each participant, and dietary under-reporters
were defined as participants who reported average energy
consumption so that the PAL was below the minimum cut-off.
Average EI was calculated from the EI of all validated dietary
records and BMR was estimated using Schofield equations
based on sex, age, weight and height(41). Two PAL cut-off limits
were considered: a cut-off of 0·88 to identify the ‘extreme’
under-reporters who were systematically excluded and a cut-off
of 1·55 for the remaining under-reporters. Of these, some
participants who were identified as under-reporters were not
considered as such (declaration of unusual consumption, diet
for weight loss or recent weight loss >5 kg) and thus were
not excluded
Overall diet quality was measured by using four different

dietary scores including the mPNNS-GS, the AHEI-2010, the
DQI-I and the PANDiet. The mPNNS-GS and AHEI-2010 mostly
reflect food-based dietary guidelines(9,42), the PANDiet reflects
nutrient-based reference recommendations(10) and the DQI-I
reflects both food-based and nutrient-based recommenda-
tions(43). The computation of each dietary score has been
extensively described elsewhere(9,10,42,43). It is noteworthy
that, for each score, points were assigned using predefined
cut-off points (portion sizes or recommended nutrient
intakes)(9,10,42,43). The description and scoring systems of the
different scores are presented in Table 1 and detailed in the
online Supplementary Material S1.

Baseline covariates

Socio-demographic data collected using the validated web-
based questionnaire(44) provided data on sex, date of birth,
marital status (living alone, cohabiting or separated/divorced/
widowed), educational level (less than high school diploma,
high school diploma or university level), occupational cate-
gories (never-employed/other activity, self-employed,
employee, intermediate profession and managerial staff), resi-
dential area (rural or urban) and smoking status (never, former
or current smoker). Monthly household income was also pro-
vided and estimated per consumption unit (CU) according to a
weighting system where one CU is attributed for the first adult
in the household, 0·5 CU for other persons aged 14 years or
older and 0·3CU for children under 14 years(45). Categories of
monthly household income per CU were defined as follows:
<1200, 1200–1800, 1800–2700, >2700 euros and a category of

participants who refused to disclose their income. Weight and
height data were collected by a validated self-administered
anthropometric questionnaire(46) and BMI was calculated as the
ratio of weight to squared height (kg/m2). Participants were
classified as underweight or normal weight (BMI< 25 kg/m2),
overweight (25≤BMI< 30kg/m2) or obese (BMI≥ 30 kg/m2)(47).
Physical activity was assessed using a short form of the French
version of the International Physical Activity Questionnaire(48),
a validated tool based on three specific types of physical activity:
walking, activities of moderate intensity and activities of vigorous
intensity. EE expressed in metabolic equivalent task minutes per
week was estimated and classified as low physical activity
(<30min of physical activity; equivalent to brisk walking/d),
moderate physical activity (≥30 and <60min) or high physical
activity (≥60min), according to the French guidelines for physical
activity(9). Prevalent and incident cases of cancer and CVD were
self-reported during follow-up and validated by a medical com-
mittee. Type 2 diabetes was also self-reported.

In this study, data were missing for some covariates (7 for
marital status, 70 for occupational categories, 309 for residential
area, 191 for educational level and 411 for physical activity);
however, the proportion of missing values was <1% for all
variables. Missing data for covariates were handled using the
Hot Deck method, which consists of replacing the missing value
with that of respondents with the same characteristics(49).

Statistical analysis

Selection of the study sample. This study focused on parti-
cipants who received at least two times the CES-D questionnaire
(included between 2009 and 2011, n 124 925). Among the
35 782 eligible participants for inclusion (participants with at
least two completed CES-D questionnaires during follow-up
and without depressive symptoms at the first CES-D measure-
ment to ensure a prospective design), we included participants
who had available data for computation of the dietary scores
and who had not reported depression or treatment with anti-
depressants during the dietary data collection (before the first
CES-D assessment). Thus, a final study sample of 25 837 men
and women was obtained (Fig. 1).

Characteristics of the participants. Participants included in
this study were compared with excluded eligible participants
using χ2 tests or t tests as appropriate. Participants’ character-
istics and nutritional factors were compared across tertiles of the
mPNNS-GS using linear contrast or Cochran–Mantel–Haenszel
tests. For descriptive purposes, nutrient intakes were energy-
adjusted using the residual method(50).

Statistical models. The associations between the mPNNS-GS,
PANDiet, DQI-I and the AHEI-2010 (all modelled as tertiles to
simplify the interpretation of results as low, medium and high
adherence) and incident depressive symptoms were assessed
using Cox proportional hazards regression models for interval
censored data. Hazard ratios (HR) and 95% CI were estimated.
Linear trend tests across the tertiles of dietary scores were
performed by modelling the tertiles of dietary scores as ordinal
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Table 1. Description and the scoring system of the investigated dietary scores

Dietary scores Components Scoring Score range

Modified version of the
Programme National Nutrition
Santé-Guideline Score
(mPNNS-GS)(9)

Based on French dietary
guidelines

Food intake recommendations: fruit and vegetables without potatoes(0–2),
starchy foods (0–1), whole-grain products (0–1), milk and dairy products
(0–1), meat, poultry, fish, eggs and seafood (0–1), seafood (0–1),
vegetable fat (0–1), water v. soda (0–1)

Moderation in consumption: sweetened foods (−0·5–1), salt (−0·5–1·5),
added fats (0–2), alcohol (0–1)

Physical activity component not included and points were
deducted if energy intake exceeded energy needs by 5%.

The mPNNS-GS score is the sum of components minus
penalty

0–13·5 points, with
possibility of negative
values, owing to the
penalty system

Alternative Healthy Eating Index-
2010 (AHEI-2010)*(42)

Based on US dietary guidelines

‘Desirable’ components (contribute positively to the score; 0–10 points for
each component): vegetables without potatoes, fruit, whole grains, nuts
and legumes, long-chain n-3 fatty acids, PUFA and moderate alcohol
consumption

‘Undesirable’ components (contribute negatively to the score; 0–10 points
for each component): Na, sugar-sweetened drinks and fruit juice, red
and processed meat

Each component leads to a sub-score between 0 (less
healthy diet) and 10 (healthier diet), with intermediate
values scored proportionally to their intake.

The AHEI-2010 score is the sum of the components

0–100 points

Probability of Adequate Nutrient
Intake Dietary score
(PANDiet)†(10)

Based on adequate nutrient
intakes for the French
population

Adequacy sub-score (0–100 points): Probability of adequate intake for
protein, total carbohydrate, total fat, PUFA, n-3, n-6, n-3_DHA, n-3_EPA-
DHA, fibre, vitamin A, thiamin, riboflavin, niacin, folate, vitamin B5, B6,
B12, C, D and E, I, Se, Ca, Mg, Zn, P, K, Fe

Moderation sub-score (0–100 points): Probability of non-excessive intake
for protein, total carbohydrate, total fat, SFA, cholesterol, free sugars and
Na

Penalty if intake exceeded the upper tolerable limit for retinol, niacin, folate,
vitamins B6, C, D, E, Ca, Mg, Zn, P, Fe

Calculation of ‘probability of adequacy’ for each nutrient:
intake above minimum values for adequacy sub-score or
below maximum values for moderation sub-score

The PANDiet score is the average of the sub-scores

0–100 points

Diet Quality Index-International
(DQI-I)‡(43)

Based on US dietary guidelines

Variety (0–20 points): overall food group variety (meat/poultry/fish/eggs,
dairy products/beans, grain, fruit, vegetable; 0–15), within-group variety
for protein source (meat, poultry, fish, dairy products, beans, eggs; 0–5)

Adequacy (0–40 points): vegetable group, fruit group, grain group, fibre,
protein, Fe, Ca and vitamin C (0–5 for each group)

Moderation (0–30 points): total fat, SFA, cholesterol, Na and empty energy
foods (0–6 for each group)

Overall balance (0–10 points): macronutrient ratio (carbohydrate:protein:
fat; 0–6), fatty acid ratio (PUFA:MUFA:SFA; 0–4)

The DQI-I score is the sum of the variety, adequacy,
moderation and overall balance sub-score

0–100 points

* We did not include trans-fatty acid intakes (not available in our study).
† Probability of adequate nutrient intake F

�
y�rffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SDr2 + SDy2 =n
p

�
, F (ranged from 0 to 1, where 1 represents a 100% probability that the usual intake was adequate): ‘Probnorm’ function in SAS, y is the mean intake, SD2y the day-to-day variability

of intake, n the number of dietary record days, r the nutrient reference value, SD
2r the interindividual variability.

‡ For nutrients included in the DQI-I computation, we used the recommended intakes for the French population (similar to those used in the PANDiet).
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variables. We also modelled the dietary scores as standardised
continuous variables (individual score value minus the mean
score value and divided by SD of the population) for comparison
purposes. Age was used as the primary time-scale variable, with
entry time defined as the age at the first CES-D measurement.
For non-cases, exit time was defined as the age at last com-
pleted CES-D questionnaire, whereas for cases it was defined as
the average of the age between the first occurrence of
depressive symptoms and the age at the previous measure-
ment(51). The first model was adjusted for age, sex, marital
status, educational level, occupational categories, monthly
household income per CU, residential area, EI without alcohol,
number of recording days and inclusion month. The second
model was additionally adjusted for smoking status, physical
activity and BMI (continuous variable). A final model (model 3)
was performed to additionally account for cancer, type 2
diabetes and cardiovascular events during follow-up.

Sensitivity analyses. Supplementary analyses were performed
to test the robustness of our findings. First, we evaluated the
association between the dietary scores and incident depressive

symptoms among the following: (A) participants who did not
report treatment with anti-depressants during follow-up, as the
use of anti-depressants could conceal the presence of depres-
sive symptoms; and (B) participants who had completed
≥6 d of dietary records. Second, we defined the presence of
depressive symptoms in both men and women by using a
cut-off value of 16(31), and an alternative cut-off value of
nineteen validated for the French population(52). All statistical
analyses were conducted using SAS (version 9.4; SAS institute
Inc.) with a significance level of 0·05 for two-sided tests.

Results

Sample characteristics

The study sample consisted of 19 985 women and 6240
men with a mean age of 45·5 (SD 13·9) and 53·0 (SD 13·5)
years, respectively, at inclusion. Compared with excluded
participants (n 9557) from the eligible population (participants
with at least two completed CES-D questionnaires during
the follow-up and without depressive symptoms at the first

124 925 participants included in the 
NutriNet-Santé study who received at 

least two times the CES-D questionnaire 
(included between 2009 and 2012)  

32 470 eligible participants with 
available data for computation of the 

dietary scores 

26 225 participants (19 985 women 
and 6240 men) included in the study 

40 831 participants with at least two
completed CES-D questionnaires  

84 094 participants with less than 
two completed CES-D 

questionnaires  

6245 participants with depression 
or treated with antidepressants 
during the food data collection 

350 participants with less than three
dietary records during the first 

2 years of follow-up, 2340 
under-reporters and 622 with 

missing data for computation of 
the dietary scores

35 782 eligible participants for 
inclusion

5049 participants with depressive 
symptoms at the first CES-D 

measurement 

Fig. 1. Flow chart of participant selection. Center for Epidemiologic Studies Depression (CES-D) Scale.
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CES-D measurement), included participants had higher levels of
education, were more physically active, more likely to be men,
co-habiting, managerial staff and never smokers. They were
also more likely to have a BMI value in the normal-weight
range, a household income per unit consumption ≥1800 euros
and less likely to have a chronic disease (online Supplementary
Table S1).
During follow-up (mean follow-up= 5·9 years, SD 1·2), we

identified 2166 first cases of depressive symptoms. Baseline
characteristics of our study population across tertiles of the
mPNNS-GS are presented in Table 2. Participants with high
adherence (tertile 3) compared with those with low adherence

(tertile 1) were older, more physically active, less likely to live
alone and more likely to be women, non-smokers, managerial
staff or having an intermediate profession, to have a household
income per unit consumption ≥1800 euros and a chronic dis-
ease. In addition, a higher mPNNS-GS was associated with a
higher EI from carbohydrates and proteins, higher intakes of
total PUFA, fibre, most vitamins and minerals, but a lower EI
from lipids and a lower intake of saturated and MUFA (Table 3).
Similar associations were observed for the other scores exam-
ined in this study, with the exception of the AHEI-2010, which
was positively associated with intakes of MUFA (online
Supplementary Table S2).

Table 2. Baseline characteristics of 26 225 participants according to the tertiles of the modified Programme National Nutrition Santé Guideline Score
(mPNNS-GS), NutriNet-Santé study
(Numbers and percentages; mean values and standard deviations)

Tertile 1 Tertile 2 Tertile 3

Baseline characteristics n % n % n % Ptrend*

mPNNS-GS 9014 8515 8696
Range 0·1–7·5 7·6–9·0 9·0–13·0

Age (years) <0·0001
Mean 43·0 47·2 51·8
SD 14·3 14·0 12·8

Sex (%) <0·0001
Male 2349 26·1 1994 23·4 1897 21·8
Female 6665 73·9 6521 76·6 6799 78·2

Marital status (%) <0·0001
Living alone 1447 16·1 1112 13·0 1004 11·6
Co-habiting 6817 75·6 6570 77·2 6584 75·7
Separated/divorced/Widowed 750 8·3 833 9·8 1108 12·7

Educational level (%) 0·001
<High school diploma 1643 18·2 1612 18·9 1838 21·1
High school diploma 1513 16·8 1240 14·6 1302 15·0
University level 5858 65·0 5663 66·5 5556 63·9

Occupational categories (%) <0·0001
Never-employed/other activity 429 4·8 239 2·8 175 2·0
Self-employed 532 5·9 428 5·0 360 4·1
Employee 2469 27·4 2010 23·6 1934 22·2
Intermediate profession 2454 27·2 2438 28·6 2725 31·4
Managerial staff 3130 34·7 3400 39·9 3502 40·3

Household income per consumption unit (%) <0·0001
Not answered 938 10·4 803 9·4 858 9·9
<1200 euros 1419 15·7 1015 11·9 732 8·4
1200–1800 euros 2345 26·0 1949 22·9 1789 20·6
1800–2700 euros 2214 24·6 2208 25·9 2273 26·1
≥2700 euros 2098 23·3 2540 29·9 3044 35·0

Residential area (%) <0·0001
Rural 2149 23·8 1884 22·1 1747 20·1
Urban 6865 76·2 6631 77·9 6949 79·9

Smoking status (%) <0·0001
Never-smoker 4574 50·7 4420 51·9 4556 52·4
Former smoker 2927 32·5 3158 37·1 3471 39·9
Current smoker 1513 16·8 937 11·0 669 7·7

Physical activity (%) <0·0001
Low 2753 30·5 2006 23·6 1476 17·0
Moderate 2181 24·2 2055 24·1 2014 23·2
High 4080 45·3 4454 52·3 5206 59·9

BMI (%) 0·11
Underweight 488 5·4 324 3·8 363 4·2
Normal weight 6010 66·7 5599 65·8 5767 66·3
Overweight 1811 20·1 1951 22·9 1993 22·9
Obesity 705 7·8 641 7·5 573 6·6

Prevalence of cancer (%) 588 6·5 748 8·8 965 11·1 <0·0001
Prevalence of CVD or type 2 diabetes (%) 2764 30·7 3006 35·3 3646 41·9 <0·0001

* Ptrend values are based on linear contrast or Cochran–Mantel–Haenszel tests.
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Association between the dietary scores and incident
depressive symptoms

All dietary scores were significantly but rather modestly corre-
lated with each other, with the highest correlation (0·71) found
between the PANDiet and the DQI-I and the lowest (0·52)
between the AHEI-2010 and the PANDiet (online Supplemen-
tary Table S3). The associations between the dietary scores and
depressive symptoms are presented in Table 4. All dietary
scores were inversely associated with incident depressive
symptoms, but the association was non-significant for
AHEI-2010. In the fully adjusted model, an increase of 1 SD in
the mPNNS-GS, PANDiet and DQI-I was, respectively, asso-
ciated with an 8% (95% CI 4, 13, P= 0·0002), 5% (95% CI 1, 9,
P= 0·02) and 9% (95% CI 5, 13, P< 0·0001) reduction in the
risk of depressive symptoms. When the scores were modelled
as tertiles, the highest adherence to the mPNNS-GS, PANDiet
and DQI-I was, respectively, associated with a 20% (95% CI 10,
28, P= 0·0001), 12% (95% CI 2, 21, P= 0·02) and 21% (95% CI
12, 30, P< 0·0001) reduction in the risk of depressive symptoms
compared with the lowest tertile.

Sensitivity analyses

In sensitivity analyses including only participants who were not
treated with anti-depressants during follow-up, findings were
not modified (online Supplementary Table S4). Applying a
cut-off value of 16 or 19 to define depressive symptoms in both
men and women did not substantially modify the observed
associations with continuous standardised scores, but when the

scores were evaluated in tertiles only the association between
the mPNNS-GS and the DQI-I remained statistically significant
in all models (online Supplementary Table S5 and S6). In
addition, among the participants who completed ≥6 d of
dietary records during the first 2 years of follow-up, only the
mPNNS-GS and the DQI-I were significantly associated with a
reduced risk of depressive symptoms (online Supplementary
Table S7).

Discussion

In this large-scale longitudinal study, we investigated the asso-
ciation between adherence to nutritional recommendations (as
measured by mPNNS-GS, AHEI-2010, PANDiet and DQI-I) and
the risk of incident depressive symptoms over a 6-year follow-
up period. We found a significant inverse association between
adherence to the mPNNS-GS, the PANDiet and the DQI-I and
the risk of depressive symptoms.

Regarding the AHEI-2010, which has been extensively used
in the scientific literature, we found a non-significant associa-
tion, in contrast to other published studies(15,19,24). In the
Seguimiento Universidad de Navarra Cohort study including
15 093 participants, adherence to the AHEI-2010 at baseline
was inversely associated with depression risk (HR quintile
5 compared with quintile 1: 0·72; 95% CI 0·59, 0·88)(15). In the
cross-sectional studies published by Saneei et al. including 3363
Iranian adults with a mean age of 36·3 (SD 7·9) years, adherence
to the AHEI-2010 was also significantly inversely associated
with depression risk(19,24). In addition, a study based on
the Whitehall II cohort including 4215 participants aged

Table 3. Baseline nutritional factors of 26 225 participants according to the tertiles of the modified Programme National Nutrition Santé Guideline Score
(mPNNS-GS), NutriNet-Santé study
(Mean values and standard deviations)

Tertile 1 Tertile 2 Tertile 3

Nutritional factors Mean SD Mean SD Mean SD Ptrend*

mPNNS-GS (range) 0·1–7·5 7·6–9·0 9·0–13·0
n 9014 8515 8696
Total energy intake (kJ/d) 8485 2096 7837 1753 7502 1590 <0·0001
Total energy intake (kcal/d) 2028 501 1873 419 1793 380 <0·0001
Alcohol intake (g/d) 11·0 14·2 8·4 10·6 6·3 7·5 <0·0001
Energy intake without alcohol (kJ/d) 8163 1996 7590 1691 7318 1536 <0·0001
Energy intake without alcohol (kcal/d) 1951 477 1814 404 1749 367 <0·0001
Carbohydrates (% energy)† 42·6 5·9 43·0 5·8 44·0 5·8 <0·0001
Lipids (% energy)† 40·3 5·1 38·8 5·2 37·0 5·5 <0·0001
SFA (g/d)‡ 35·7 6·4 32·9 6·0 30·1 5·9 <0·0001
MUFA (g/d)‡ 31·0 6·0 30·6 6·0 29·6 5·7 <0·0001
PUFA (g/d)‡ 11·0 3·4 11·5 3·4 11·9 3·7 <0·0001
n-3 Fatty acids (g/d)‡ 1·2 0·5 1·4 0·6 1·6 0·7 <0·0001
Protein (% energy)† 16·9 3·3 17·8 3·4 18·6 3·4 <0·0001
β-Carotene (µg/d)‡ 2857 1726 3588 1896 4332 2105 <0·0001
Vitamin C (mg/d)‡ 99·1 55·6 118 61·3 141 65·0 <0·0001
Vitamin D (µg/d)‡ 2·5 1·4 2·7 1·6 3·0 1·7 <0·0001
Vitamin E (mg/d)‡ 10·8 3·3 11·7 3·2 12·6 3·2 <0·0001
Folic acid (µg/d)‡ 290 72·5 332 76·1 381 85·3 <0·0001
Vitamin B12 (µg/d)‡ 5·0 3·6 5·4 3·9 5·8 3·9 <0·0001
Mg (mg/d)‡ 305 374·1 340 78·8 382 87·7 <0·0001
Fibre (g/d)‡ 16·9 4·4 10·0 4·6 23·6 5·4 <0·0001

* P trend values are based on linear contrast.
† Values are percentages of total daily energy intake (without alcohol).
‡ Values were adjusted for energy intake without alcohol using the residual method.
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35–55 years at baseline reported a significant inverse associa-
tion between high adherence to the AHEI and recurrent
depressive symptoms only among women (OR for a 1-SD
increase: 0·59; 95% CI 0·47, 0·75)(27). A possible explanation of
our findings concerning the AHEI-2010 could be related to the
cut-off values and the portions sizes used in the computation of
AHEI-2010, which are different from those of French nutritional
recommendations and possibly less discriminant in the French
context owing to cultural specificities. For instance, the French
nutritional guidelines recommend a daily intake of at least 385 g
of n-3 fatty acids EPA+DHA and 5% of EI from PUFA, whereas
the cut-off values used in the AHEI-2010 computation were
250 g and 10%, respectively.
Besides these studies, only one other investigation has

focused on the French food-based guidelines in relation to
depressive symptoms. In this prospective study among 3328
participants (baseline mean age of 49·5 years, SD 6·2 and mean
follow-up= 13years) from the French Supplémentation en
Vitamines et Minéraux AntioXydants cohort, a 1-point increase
in the mPNNS-GS was associated with a 13% (95% CI 6, 20)
reduction in the risk of chronic or recurrent depressive symp-
toms(25), in agreement with the reduced risk of incident
depressive symptoms found in our study. Our findings are also
in agreement with the findings of the Australian Longitudinal
Study on Women’s Health, in which maintaining a moderate or
high adherence to the Australian Recommended Food Score
(including seven food group components; vegetables, fruit,
protein foods, grains, dairy products, fats and alcohol) over a
6-year period was, respectively, associated with a 6% (95% CI

1, 20) and 14% (95% CI 4, 23%) reduction in the risk of
depression(26) among 7877 participants aged 50–55 years at
baseline. To our knowledge, no previous study has directly
investigated the association between adherence to nutrient-
based recommendations such as the PANDiet or the DQI-I and
the risk of depression or depressive symptoms.

Higher adherence to the dietary scores considered in this
study reflects a high intake of various vitamins and minerals
(generally provided by high consumption of whole-grain
products, fruits, vegetables and fish) associated with a
reduced risk of several diseases(53–55). However, these dietary
scores show some slight differences in terms of included com-
ponents, cut-off values and scoring, leading to different nutrient
intakes in tertiles, which could explain the observed differential
associations with the risk of depressive symptoms. The main
difference is that the mPNNS-GS and AHEI-2010 include mostly
food-based components, whereas the PANDiet includes only
nutrients. Finally, the DQI-I was specially developed to facilitate
cross-country comparisons and includes both food-based
components and nutrients. Comparing the mPNNS-GS, the
AHEI-2010 and the DQI-I, only the mPNNS-GS includes a sys-
tem of penalty for energy overconsumption and only the DQI-I
takes into account food variety, proportionality in energy
sources and fatty acid composition. In addition, the DQI-I and
PANDiet do not take into account alcohol consumption. These
disparities are illustrated by correlation coefficients, which are
not very high (<0·80), although all these dietary scores have the
same overall objective, which is to measure the nutritional
quality of the diet.

Table 4. Association between the dietary scores and incident depressive symptoms in 26 225 participants, NutriNet-Santé study
(Hazard ratios (HR) and 95% CI)

Tertile 1 Tertile 2 Tertile 3 Continuous*

HR 95% CI HR 95% CI HR 95% CI Ptrend HR 95% CI P†

mPNNS-GS
Range 0·1–7·5 7·6–9·0 9·0–13·0
Model 1‡ 1·00 – 0·88 0·80, 0·98 0·78 0·70, 0·87 <0·0001 0·90 0·86, 0·95 <0·0001
Model 2§ 1·00 – 0·90 0·81, 0·99 0·80 0·72, 0·90 0·0001 0·91 0·87, 0·96 0·0002
Model 3|| 1·00 – 0·90 0·81, 0·99 0·80 0·72, 0·90 0·0001 0·92 0·87, 0·96 0·0002

PANDiet
Range 36·8–61·5 61·5–68·6 68·6–95·1
Model 1 1·00 – 0·92 0·83, 1·02 0·86 0·77, 0·95 0·004 0·94 0·90, 0·98 0·003
Model 2 1·00 – 0·93 0·84, 1·03 0·89 0·80, 0·99 0·03 0·95 0·91, 0·99 0·02
Model 3 1·00 – 0·93 0·84, 1·03 0·88 0·79, 0·98 0·02 0·95 0·91, 0·99 0·02

DQI-I
Range 28·4–58·8 58·8–64·1 64·1–87·1
Model 1 1·00 – 0·87 0·78, 0·96 0·76 0·68, 0·85 <0·0001 0·90 0·86, 0·94 <0·0001
Model 2 1·00 – 0·89 0·80, 0·98 0·79 0·70, 0·88 <0·0001 0·91 0·87, 0·95 <0·0001
Model 3 1·00 – 0·89 0·80, 0·98 0·79 0·70, 0·88 <0·0001 0·91 0·87, 0·95 <0·0001

AHEI-2010
Range 7·1–43·6 43·6–54·5 54·5–95·9
Model 1 1·00 – 0·90 0·82, 1·00 0·91 0·81, 1·02 0·08 0·96 0·92, 1·01 0·09
Model 2 1·00 – 0·92 0·83, 1·02 0·95 0·85, 1·06 0·32 0·98 0·94, 1·03 0·40
Model 3 1·00 – 0·93 0·83, 1·03 0·96 0·86, 1·07 0·40 0·98 0·94, 1·03 0·50

mPNNS-GS modified Programme National Nutrition Santé Guideline Score; PANDiet Probability of Adequate Nutrient intake Dietary score; DQI-I Diet Quality Index-International;
AHEI-2010, Alternative Healthy Eating Index-2010.

* HR for the increase of 1 SD.
† P for linear relation (dietary score as a continuous variable).
‡ Adjusted for age, sex, marital status, educational level, occupational categories, household income per consumption unit, residential area, energy intake without alcohol, number

of recording days and inclusion month.
§ Adjusted for all variables in model 1 and smoking status, physical activity and BMI.
|| Adjusted for all variables in model 2 and health events during follow-up (cancer, type 2 diabetes and cardiovascular events).
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Some limitations of our study should be noted. Given the
observational design of our study, we cannot entirely exclude
reverse causality although the design is prospective. Second,
despite a wide range of confounders included in our statistical
models, unmeasured factors related to depression such as
personality traits, family history of depressive disorders, stress-
ful life events and sleep disorders(56,57) might have led to
potential residual confounding. Third, participants of the
NutriNet-Santé study were volunteers in a nutritional cohort and
thus more interested in nutritional issues and healthy lifestyles
than the general population. Thus, any generalisation of our
findings should be done with caution. Another limitation of our
study pertains to the large proportion of participants excluded
from the eligible population, which could include a potential
bias in the risk estimates. However, we have elected to prioritise
the accuracy of the dietary data and to reduce potential reverse
causality phenomenon owing to depressive episode during the
dietary data assessment. Finally, data on trans-fatty acids were
not available in our study, which did not allow to fully compute
the original AHEI-2010. Important strengths of this study
include the prospective design of our study, its large sample of
participants aged 18–86 years and without depression at the
beginning, the repeated data assessment of depressive symp-
toms using a validated tool and the quality of the dietary data
based on repeated dietary records, yielding a particularly high
accuracy of intake estimations. The wide range of confounding
factors also helped to improve the estimations.
To conclude, our study showed that high adherence to

food-based and nutrient-based national or international
nutritional recommendations was associated with a reduced
risk of incident depressive symptoms. Overall, our findings
suggest that nutritional recommendations, although designed
mostly for the prevention of nutrition-related chronic conditions
such as obesity, cardiovascular disorders and cancer, are also
associated with a reduction in the risk of depressive symptoms.
Thus, promoting better adherence to national dietary guide-
lines, as well as adequate nutrient intakes, may be useful
in a primary prevention strategy of depressive symptoms
through modifiable factors in the general population. The
results found in this study should be confirmed by further
prospective studies.
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